Abstract-In cognitive radio, the received signal to interference noise ratio (SINR) of the secondary users (SUs) should be at certain level to protect primary users (PUs) from harmful interference for reliable communication. Therefore, firstly, a new beamforming problem has been formulated in this paper considering few new constraints in addition to the only constraint of the conventional minimum variance beamformer and secondly, a solution has been provided using Lagrange multiplier method and complexmatrix calculus to reduce the interference due to the presence of SUs. The simulation results show that our proposed solution has placed a deeper null towards the direction of the PUs than the conventional beamformer. Furthermore, the response of the presented beamformer has been examined with different number of array elements and inter-element spacing.
It can detect the temporally and spatially unused portions of the spectrum which are called spectrum holes and changes carrier frequency to those spectrum holes. This considerably improves the spectrum utilization. However, since CR uses the same frequency band licensed to the primary network, it will cause co-channel interference to PUs which in turn will reduce the received SINRs of the PUs. To meet these challenges of the cognitive radio network, joint power control and beamforming has been considered in [9] . However, the beamforming technique is not explained in details. This paper addresses an efficient beamforming technique for cognitive radio networks.
Beamforming at the secondary network's base-station has been proposed as a means of mitigating the cochannel interference to the PUs [4] as well as increasing the received SINR of the secondary network. Conventional Minimum Variance beamformer (MVB) formulates the beamforming problem imposing only one constraint to produce unity array gain towards the desired signal's direction [5] . Consequently, with the conventional MVB, PUs are still probable to suffer from interference by very small radiation in the side-lobe or between side-lobes, as primary and secondary networks [10] are working in the same region. Therefore, the beamforming problem has been reformulated imposing additional constraints to make the array gain almost zero towards the PUs. In this paper, the author provides the solution of this problem which places deeper nulls towards the direction of the PUs efficiently as well as further improvement of their presented approach [10] in a simple way of controlling the sidelobes by increasing the spacing between array elements. Otherwise, the sidelobes may waste considerable amount of radiation power during beamformer transmission.
The remaining of this paper is organized as follows. Section II addresses the system model. Section III is devoted to the discussion of the proposed beamforming and sidelobes cancellation technique. Section IV, presents the simulation results for the proposed beamforming and sidelobe cancellation technique. Finally, the paper is concluded in section V.
II. SYSTEM MODEL
In this paper, we consider a system model in which a cognitive radio network is deployed within the coverage area of cellular network that shares the same frequency band. The cognitive radio network has a base-station furnished with a uniformly spaced M element antenna array and all the secondary users communicate through this base station. It is assumed that all the PUs and SUs have single antenna transceiver system. It is also assumed that the secondary base station (SBS) is placed at the center of the coverage region and the channel information between SUs -SBS and between PUs-SBS is known. The model can readily be extended to incorporate the whole cellular network. For simplicity, we consider a single cell of the primary network.
As depicted in Fig.1 , the base station transmit power for a specific user doesn't cause interference to other users in the corresponding cell while using a conventional MVB at the base station of a cellular network, because different users are served by different channels.
However, if a secondary network exist in the coverage region of a cellular network and SBS uses the beamformer, PUs may come very close to the SBS. As a result, they can be interfered even by the small radiation between the sidelobes (PU1). Conversely, primary and secondary networks share the same frequency band, SUs will cause interference to the PUs. It is obvious that we can't avoid the interference when the PU is inside the main-beam of the SBS-beamformer. However, as can be seen from Fig.1 , we can get rid of the interference when the PU is inside a side-lobe or between the side-lobes of the SBS-beamformer.
To make the array gain zero towards these directions of the PUs interfered by side-lobes, we incorporate some additional constraints along with the single constraint of the conventional MVB. The scenario including the proposed beamforming solution of the reformulated problem is depicted in Fig.2 .
Let assume, the main beam of the SBS is to be directed towards the desired SU. The desired signal 0 ( ) s t of the SU is arriving at the SBS array at an angle 0 θ . We also assume that there are N PUs and undesired SUs in the coverage area that might be inside the side-lobes or between the sidelobes of the SBS-beamformer and the array gain has to be made zero to these users. The N narrowband signals from these N PUs and undesired SUs, denoted by ( ), 1, 2..., ( )( ( ) ( )) *.
With the above solution for optimal weight vector, the SBS-beamformer of secondary network can efficiently set minimum gain towards the PUs and other undesired SUs. On the other hand, this solution yields high sidelobes. Although, digital beamforming allows having higher gain than unity other than the desired direction [7] , this would be a problem during beamformer transmission. Since this beamformer is designed to be used in the secondary base-station and all the SUs communicate through it, significant amount of power can be wasted through the high sidelobes. Also SBS serves a large area (30 Km in the IEEE802.22 wireless regional area network based on cognitive radio [8] ) and needs to transmit fairly high amount of power to cover this large area. Hence, if there is high array gain in the sidelobes, considerable amount of power would be wasted. Therefore we consider the inter-element spacing and the number of array elements to reduce the side-lobes of the SBS beamformer.
IV. SIMULATION RESULT S
In this section, simulations have been done considering a uniform linear array of ten antenna elements for the SBS and the separation between array elements is half of the wavelength of the carrier. There is a single desired SU and eight undesired users in the coverage region. The desired user's signal arrives from the direction 50° and The noise power has been assumed to be unity and the covariance matrix has been calculated using equation (1) . Assuming the individual array elements being isotropic and having unit norm, the array response is given by - chances of PUs between the sidelobes being interfered is reduced significantly. However, the array gain to some directions other than the desired one is greater than unity as can be seen from Fig.4 . To reduce the wastage of power due to these higher gains, we increase the inter-element spacing and run the simulation for three inter-element spacing namely, 0.5, 1, and 1.5 wavelengths. Fig.5 shows that the sidelobes have decreased with the increased interelement spacing. Though this method increases the array size, it is feasible for cognitive radio network where a single base station serves a large region. Another important observation is that the nulls towards the interferences have also been deeper with the increased inter-element spacing.
The sidelobes can also be reduced by increasing the number of array elements of the beamformer at the SBS. Fig.6 has shown that the array gain in the sidelobes has decreased with the increased number of array elements. Since there would be only one beamformer at the SBS to serve a large region, the cost of additional array elements wouldn't be significant in comparison with the cost of considerable power wastage through the sidelobes. The array elements are installed once, but power is wasted every time SBS communicates with a SU. In addition, increasing the array elements increases the degree of freedom of the beamformer. That is, nulls could be placed towards more number of undesired users. 
V. CONCLUSION
In this paper, an efficient beamforming technique has been presented for a cognitive radio network deployed in the coverage region of a primary cellular network. The presented beamforming technique makes the array gain negligible towards the null directions. As a result, the secondary users do not cause any harmful interference to the PUs. Moreover, our proposed solution can also reduce the high sidelobe radiations by increasing inter-element spacing and the number of array elements.
